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A}wt ract occall l)acliscatkr data o v e r  a v:i(i{’ I II , ty
o f  occat)ic  alId  atrllos])llcric  co)lditliolls  WCII  0111:1111  ,( I I)y
tllc  J e t  l’ml,olsioll l,al)orator-y  NIJSC;A’I’  1{,, -11111,1  :, .,(
tcrolll(t~r durilt$  tllc S u r f a c e  Wave l)~llilllli(~  1,.1(  ri

II IeIIt  (S\$rAl)lI;  ). A sca surface tc]opcratlllt  110111 ,. I [III
Gulf-Strc:illl  boundary existed ill tile S\$’A l)]; II I(I:;IIIC
II ICIIt area. S \ \ ’ e l l s  u~j to 6 111 illsigllificalit  wa,’r l, I,r,lIt
aIId  a Iargc  rarlge of lvirld sl)ccxl w a s  clIc{IiIII((It {1. l{tla
tic)lls ofl)~tckscat  tcr~villl friction vclocilyal( (lcIIb(~i  fl(,lll
(IIC NUS(~A’J’-  SWAl)l;claLasct.  ‘J’lic ir~crci~sil,{,,  (I, I!(I (II)
s e r v e d  I I I  tllc I)acliscatt,cr  wItl  I youllgcr  \viLvf aJ~t  /:1 1 ~,.
witl)  a rougllcr  sllrfacc  collditicr]l  for a yoll]Ip,cl \l, ii\’{ fi(l(l.
‘1’IIC  r e s u l t s ,  ol]taitld frolr) LIIc sallm diil?  I);ILI,  SIII\
L]lat l)ackscatlcr arc rime s e n s i t i v e  t o  frlctl(,]i II I(I IIlj
w i t h  sIII:\llc  I dc]ri:itioll  factors cc~llll)arcd  t(I llIf III(I. ,11
tcr flll]cti(,l)s  of wave ~i~,c. h’LJSCA’J’  (lat:I  i)i(ll :111  {I,;  II
tlIc  azittlotlt dilcctioll, at wllic.)1  tllc backs  r: Iltt I I< I I I  ,Y
iIllulll, i s  ill l)ctwccl  I tlic witld  dirccti(lll  iIII(l  111 1< iii
IIallt \vavc (Iirvclioll  a t  ligl)t Willcl colldiii{,lls I ,(] 1, 11,/,
cases of lar~;~ SW, C])S1  t]lc~c  is 110 systclrlati( t rtll{l }1< I u ( 11
t)acksciittcrtttl(l  sip,llific:ir]t~  !a}’cllcig;llt.

IN’J’I{OI)LI(;’J’ION

‘1’IIc  N A S A  ScattcroItwter  (NSCA’1’)  w i l l  II( 1<:111111  (i t(,
lllcasurc  l~acl{scattcr  at KLlt)ancf  for rcnl~(]tc  sfll:ill},,  or :, [jr
f a c e  winds  ovcl occarls [1]. ‘J’lIus il is illll)ollallt LI lIIlj
cffcck o f  Cill’itollltlcllt:il  colldit,  ions on tlII 1):1< I:L( 1111 I
111  t,llis  i)al)cr,  l,i~cksc.att,cr  s i g n a t u r e s  at K,,lI;llI\l  ;~~ (III}C
tiolls  of oceanic  alId  atrllosl)llcric  l)aralllct(rs aII 111}(  .Ii
~atc~  \!’ii]I t]lc  NLJSCA’I’-SiVA  ])]}clat,a  I,:t.q,, l\[l$”  A,rl i:,
all alrl)c)rllc  K{l-l)arld  scattcrolnc.tcr  dcvcl(jlltd  ;:1 tl, ( 1<,1
]’rolju]sioll I,al,ortitory.  ‘]’]Ic scaLLcroIrw(cr  }iiis II IO II II It<~
0 1 1  tllc N A S A  AIIICS  (;130 a i r c r a f t  orl a {’,iil]ll:,l villl ~
full  wirllutll  scallrliIlg  c a p a b i l i t y .  ‘J’IIc rall{,c  (It II]tilf I:t
angles was froltl  0° to 60° for both vertical aII(l  ll(>li~ 1:1
tal  ~mlarizatiotls.  ‘1’lIc  scattcromctcr  lIa< a  l~i~,ll  :i,ul]  i] h)
rlolsc ratio arid a large dyllarnic ral]gc  to II I121!.I~Ii ,1:1 II
hackscatt(rfor  a wide rallgc  of air arlcl sca cI.,IIcIIIIOII~

SWAI)l I; was c a r r i e d  c]ut ill all il)strulll,rltf{i  (10: ,Ii(
a r e a  o f f  tllc coast,  of \~irf; itlia  a]ld A4arylal!(l.  I)[IIIIF,  It
iiltc]lsivc  olwrvatiol)  I)criod  (10}’)  of S\VAl)l  III tl!( v III
tcrof  19!)1, tlliltyll  ollrsc> fl)ackscattcrclf  it<( v:(I{(IIII  ( l~i
irl tell  flig,llts t~y N(JS(;  A’J’.  ‘J’l IC G u l f  ,Stt(arl[  111, II 11(1, IIj
w a s  il~clildcd  ill tlIc a r e a  of Lllc cxl)erilllvlll  h -I kIIIli~ (
tcrti})cralrlr(s  acIoss tllc I)oulldary  wcIc  dIfl~ I( I I I  lIy :+’
rlmc]l as loo(~.  S w e l l s  Icacl Icd to 6 rrl  irl  si{,,)li[ll(  III{ w)\(

Ijci{:l,t.  A  \vi(l[  IaII~,[ c)f \vill(l  sIlcccls \\’crccllcc)\lllt(clc  lllr -
in{},  (11( (,xl)critl)crlt.  \rarious  atlilos])]lcric  and and o c e a n i c
l,aral:]iicrs were rl,cmur(,d  l)y arl arrayof buoys  dci)loycd
ill tllc SWA1)I;  :irca ‘1’IICSC  rl~c~sllrcrl~cllts togctllcr  witli
tllo l,a~kscattcr dat,a for])) t]ic ])asisof  t]le  ar]alysis  i]) t h i s
j,a],vr. IIacliscattcl  sigllaturcs  arcir)vcstigatccf for.tlledc.
))cII(l(IIcr 011 friction velocity,  wave age, ar]d signif icant
\vavc Iiligll

A( :1{0SS  ‘I’ll I ~ (’JUllI’  S’1’ltl;Ahl  IJ(3UNIIAIW

III a IIlllllkr of {Iiglll  Iillcs a c r o s s  tllc Ilortll wal l  c)f tllc
(JIIlf  St]calrl,  N (J$;(:A’I’  was flowrl  over t]lc  sca surface
tct{!j)cl  i!t(lrc  f[()]lt  at tllc  (;ll]f-Strcarll b o u n d a r y ,  ‘J’IICSC
fli{;llts  I)lovidc l)acl:s( att(r  data to strldy  tl]c  tcllll)craturc
(’f[c(  t s

III :i ‘i US(IA’J  fli~,)lt  C>II 28 I’cl)ruar-y  1991,  tllc I)oulldary
of t l]< ( ~IIlf Str,alll lv:~s ljrt\r((,tl  l)isclls C l)uoy  located 011
tlI( JIaII II side ;iIId lJi>c\]s A 011 tllc r-old side. NLJS(:A’J’
dtit a c<!] lcslx~ll({illp,  (c) Lllis case were at, vertical l)olariv. a-
Liol) iili(l  30° il,cidcll( c aIIK]v. ‘1’]Ic ohcrvcd  illcreasc  fro]]]
tll( CI. )11 side to tllr \fal III side was al)out, 5.5  d]] at dowrb
~tilld , f,. ? (111 i!{ u], \\illd, aIId  4.5 at crosswitid,  Accoul\t-
ill{; for t])c ~vi)ld s])(wI  diflct(]]cc bctwccII tllc two s i d e s
of tll{ s~a sltrfaw  tcrll]]claturc  fro)lt,  SASS-II gcol)llysicd
rnodcl  [Ilrlc(ic)ll  [2], \\]licll rc]atcs  hacfisc.at(,cr t o  rlcutra]
\virl(l  al 19. [1 ril, p,ivcs CIIIly a  3  d]] difrcrcllcc.  l,zrr~,c  dif-
fcrctlcc.  ill llackscatlc] ~il K,,l)arld  w!crc  a lso okcrvccl  f o r
tlIc  lIol imlltti] j) Olilri ZiltiOll at var ious incidcllc.e  angles  itl
sc\I{, I ii] OLIIC]  ~ligl]i s, ‘1’]ICSC  case studies indicates  t]iat
occa II ]~ackscattcr  a]~()  dc]IcIIds  or) c)t,]lcr atmosl)]leric ar]d
oc.<alli( ]Jaraltw,tcrs I)csidc tllc neutral  wi]ld  s])cccl.

IIA(;I(S(:,I’I’’I’I ;I(  ANI) ll’lLICrJ’lON  \~lI;l,O(;l’1’Y

Ita<lar  1{.tr]ltis frolll  tlIc  occa]l sur-faces arc related Lo fric-
tiojl v(l<, city, u, , irl I)otll tl)c  IIragg arid tllc s e a - s p i k e
sc,att{ril)g  coIlllJollctlts  [3]. ],io  arid ),argc  [ 4 ]  u s e d  rJ,
dcI ivcd fro]]] (Iilcct (~l)scI\’titiolls  Lo slIow  tlic corrclatio[l
o f  t)<ick~c.atkr  ~vitll v, I/i ct al. [b] dc)nor)stratcd  tllc
dcl JcIId IIIcc o f  b;ic!iscattcr  ot] u. t)ascd  on cxl)crilncrltal
Itl(;i<llr<lllctlts  florl)  I lIC 11’rclllt  a l  Air -Sea Irltcraction  ll;x-
pclillwllt.

III Ll, is ])aJ)I r , \VC Ilti]izc t]lc NUS(;  ArI’-StVA])]I}  data
baw tc) :ludy  t}Ic dtJ~(IIdcIIcc  ofa” 011 U*.  ]“rictioll  veloc-
ity 7/, IIscd ill t)lis  atlalysis  is dctcrlnirlcd fro]]]  ~)uoy d a t a
\vit II i 11~ forlll~llat  ion Ijy l,arp;c arid l’oIId  [6] for occarl rrlo
rlicllt  11111 fl[lx  r[lcitsllr(]ll(llts.  ]~ig. ] ])rcscr]ts  i)ackscattcr



izatio]l  and itlcidcllcc  at Iglcs frcrln 10° to G(){) III tli( \IjIj ili~l
Cfirectio[l. N(JS(:A’I’  d a t a  arc rcl)rcsc]ltcd I,j III, S:;  II 1) “S
al)d tl If.’ colltl 110 (Ius curvc$ arc for  IIllcar  fi[t)ltp, fIIII( I I( IIL;

ill tlIc  IOgiiritlllllir  dolllaill.  At tflc  itlcidclic<  :,11~,1( <If III ‘,
tlIc backsca(tcr  is illsctlsitivc to tf)c frict  ion vc II) it J I fII
l a r g e r  illcidcllce aIIglcs,  tlIc IIoriml)tai l)iicks{iil  l~r I< S( II
sit, ivc to tlIc  fric(.ioll  velocity with st,rol)gt,r  I);II ksi <1’ l! I ‘ II
lar~;cr u,. ‘I’l Ic slol~c of (Ilc  linear curvw ill 1111 l[)/,ii  lit !111)1(

(Iollliiill CC)IICSJ)OII(I  tO lfl C l)ositivc CXJ)OIICII1.  <>f iJ, ‘;1111

ilar rcslllls a r c  ol)tailld f o r  bcrtl] IIorizolll  ii)l atI(l  I II [i ,11
dircctiol)s  ill tell)ls  of ul)willdo  dowllwi]ltl,  AIId CIfI.~11 ili(l
IIorlllalizcd radar cross scctiol)s.

Upwind, H Polariz~]tio]]
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l’igurc  1. IIorimlltal backscattcr  versus  fricli[,l,  v1O  it~ ‘I’1, (
$.rlSYITI1)OIS  dc]lotc  NIUSC, AI d a t a  at Cflflcrcl!t  lI!rIcl<I,, ( ,111,11 ~

.

aud the continuous cllrvcs  arc for Iiucal fittill~, fuII( IICIII

(2~llsilmillg lltm. [Ii(l”trellccs, It!c usc N LJS(;A’1’  (I at a
.)t)t,ait)c{l  dulillg S\\ ’Al )lIJ t o  itlvcsti$,atc  (lIc trclld bc-
(!VC(’11  t~; lrkscatt(’1  all(l \vii\’c a~>c. l’ig. 2 ])lots  Ilorizontal
l)acks( a[ (cr as a fIllIct Iol I of wave agc for illcidctlcc  miglcs
[rol[l  1 ()” k 60”.  ‘1’]ICSC  results arc for Lllc case of ul)willd
l)acks(a~  (cr. A s  olI.s(I-\cd  florn l’ig.  2, tlIc data Ilavc  a
(lccr<,:l~ill~ t Icll(l lvil II Jvavc  aF,c, c}laractcrizcxl  I)y tile ncg-
ati~t :l(,j~cs cIf tlIc  1111( ’iii’  fittillp,  c.urvcs irl tlIc logaritlllllic
(loIIl:,ill. AI I cxc~])tiori  is at 1 0 0  illcidcllcc  angle  wllcrc
tlIc  I,acl.  scattrr is ilis(ilsi(ivc to tl]c  wave a?;c. I’or  dowll-
WIII(I aIId ctosswil]d  (Iilcctiolis  and also for tlIc v e r t i c a l
I)acks( ai [cr, tll, reslllts  SIIOW  tl]c  dccrcasitlg  trclld wit]]
w’a~[ a(,,(. ‘I’l ICSC OlMI vat ions o f  Ilac.ksc.attcr  arc collsis-
tcllt with  a rougllcr  s!:i s u r f a c e  colldit,iorl  for a stllallcr

lJpwind, H Polarization
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l’i:,u  i ( ?. llori701ital  I>atks(attcr  versus wave age.  ‘J’lLc  sylil-
I)ols dclc,tc  NUS(tA’1’  data at diflcrcnt  incidence a n g l e s  a n d
1](c (c,rltitll]ous  (Ilrvcs  att [o] ]i]lcar  fitti]lg f u n c t i o n s .

llA(:l{S(~A’11’l:lt AN1)  WAVII:  II II: IGI1’1’

SWC]l, If,it,f) a  ];irgc  si~tlifica!]t  w’avc  ]lcig]lt  ]laVC bccrl
s]I(IM’11  to ]la VC a str(lrlg  illll)act  011 occ!ar] backattcr at
Iigllt  WIIId c<,r,ditic,l,~  hut  ])ot a t  ltlodcratc  winds  [ 1  1].
‘1’ow(I  )Ilcasurflllcrlts  also .sugp;cstccf  t]lat backscattcr call
IIC :IfIc( (cd lIy loII~, waves at lower wilid sl)ccds [12]. AII-
(OLIIVI SI tidy COIICIO(I((I  that, cflects  c)f varying wave llcigllt
1011 rad;,r ]Il(::tsl)r(’lli(ilts  is o f  Iitt]c  illll)ortallc.c [13], ‘I’l Ius
ill /,( II(Ial, I);i(liscattrr WCIIIS to ]Iavc a w e a k  cfcl)cIIdcIIcc



011 sigllificiitlt  l\’ii\’(’ Itcigllt.
ILcsul(s  frwll NUSCA’1’-SWAI)1I)  it~dic~itc{l  tl{it ! II ii,

i]llu(ll  cfi Icc(ioll, i~( wllicl)  tlIc I)acliscattcr  If- ]]l:~(ill)]ll),
i s  i n  bctwrcII  tlIc wi]ld d i r e c t i o n  iit  Id tlIc  (I{!IIIIII:III1  I.t\I.
(Iirmtioll  at li~;lll  wind  co]ldi(iolis. AI) cxa],,lt,i,l))), 0 1  ,+
dircciiol] wav(s sIJcc(ro III al aII illkrlllcdia(! l\IIItl :.;)( II
SIIOWS tlIiit NT(IS(l A’l’  lllaxiil~ulll  dirccliml  alir,lll  II ‘.’: II II

IIigll  frcqllcl)cy w a v e  Colll]jollcllts. l“ip;orc  :i ]Ilt ,sIIIts I I)
w i n d  IIorizo]ita]  l)acliscattcr  as a fullctjioll (If sij,,lll~l  ~: I I I

w a v e  llei~,llt cxcllldillg ca.scs o f  s w e l l s  willl  ;i lal~,~,l ~$ i,i(,
llcigllt.  No systc)llatic  corrr-latioll  lwtwccII tlIc  II L. 1-
tcr  allrf tllc wave  Ilcip,ll( i s  ol)scrvrd, Sil]lila] (,!,!, I$2!16111s
al)~jly k) vcrlical  I)ac-kscattcr

Upwind, H Polarizntio]l
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Significant Wave Hcigl]t (:ln)

l’igurc 3. IIolizolltal I,ackscatku  versus  s~p,[lifl( ~ IIt v ,,11
h e i g h t ,  ‘1’IIc SYIIII)OIS d(]iot~  NUSCA’1’  datii  iit dlli(  IC II{ I I I

cidcncc allglcs and t h e  (ontilluous  rwtvcs  file f,]] lill~ <t ii(till~,
functions.

SUMMAIW

occall hackscatkr at K,,ballcl  was successfully III(; .III, <i
by  the Jet l’rol)olsion l,al)oratory NUS(:A’I  SCa{III(,:II I(I
(Iurir]g  SWAI)I;  over a wide variety of at II IrISIJIIIr  I ;.11(1
occallic  colldi(iotls. l{clatiolls  o f  l) ZrCli  SC. iitt([  \vIll  I f] I(I  i{,[(

v e l o c i t y  llavc a Imsitivc trcl]cl wit]) l~ositiv(  CXIII  III( 11’ {I!
u. l{csults  slIow tlic trc]ld  o f  IIlcrcaslllp,  I);,c!is  ,, I(II \llll
youllgcr  w a v e  a~}~,WIII(II  corrcsl~orlds  tc~ Ii li)ll{,,ll~[  Slll!ii (’,,
for a youl)~,c]  w a v e  fi(l(l. N o  systctllati( (I( [,1 II( ,, ,.11
l)ackscattcr alId  si~;tlificant  wave IIcigllt is ~ III:,( I}< 1

A(;  l(N()\$’I/l:l) Ghflf:N’I’S

‘1’llis WC,T  Ii was I)clforllwd  under  a  mltract with the Na-
tio]lal A(rollautics  slid SI)ticc Adtllitlistratioli at tllc J e t
I’IOIILIISI{III  IJ:il)orat(jl))  (h+lifo]llia lllstit ~ltcofrl’cclltlc)  logy.
I’lIC a~ltllors  (ha II!i 1)1. J .  1). ol~crlmltmr, l)r. K .  Stcclc,
aIId  l)r. 1). \4’allg, for ltlc  I)ooy d a t a .
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